The novel approach of this paper describes the suppression of grating lobe level with the element count optimization in planar antenna array. Rectangular lattice (RL) and triangular lattice (TL) structures are chosen for determining the achievable array element patterns (EP) and further suppressing the grating lobe level. The element spacing and number of elements (10 × 20 array) are taken into account for particular lattice. Grating lobe peaks are observed for the 200-element planar array at maximum scan angle (θ) with the set frequency of 3 GHz. Further, it is found that 14˚ bore sight elevation of rectangular lattice produces a transformed field of view, which permits a reduction in element count of 20.39% compared with 10˚ bore sight elevation. Finally, the typical values of elevation, element count and array size (25 cm 2 ) are trained using artificial neural network (ANN) algorithm and element count is predicted after testing the network. The network shows a high success rate.
Introduction
Planar antenna array design with operational bandwidths would result in benefits such as the ability to use a single array for wideband or widely separated signals and the ability to share a common aperture for multiple functions. Since fewer openings would be required in a host platform needing to communicate on widely spaced frequency bands, the use of wideband arrays could reduce integration cost and also ease other system-level requirements [1] . Significant analytical and empirical effort is usually required in order to design wideband arrays. This is in part due to grating lobe between array elements, which complicates the array design. Grating lobe re-sults when array elements located in close proximity interact in a manner that alters the element count and element patterns.
Because of the difficulty associated with predicting these effects, grating lobe level is traditionally considered an obstacle to array design. Grating lobe typically tends to make the active element pattern more directive than the ideal element pattern indicating high scan roll off of the array.
One of the important array design parameters is element spacing. It is often desirable to design a planar array with larger element spacing so that more real estate can be made available for transmission lines and discrete components [2] .
However, to avoid the formation of high grating lobes, element spacing is limited to less than 1λ 0 for broadside beam design and less than 0.6λ 0 for a wide-angle scanned beam. In designing a wide-angle scanned planar array, rectangular and triangular lattice structures are taken as shown in Figure 1 .
Selection of the maximum element spacing corresponding to the minimum number of controlled elements in the limited-scan arrays results in the presence of the array factor grating lobes in real space [3] .
The higher level of lobe is usually undesirable, since it corresponds to lowering the array gain due to taking a part of the radiated power away from the main lobe [3] .
The grating lobes of a planar array antenna are conveniently shown in the projection coordinates space as given in Equation (1), by making use of the direction cosines u and v, where sin cos , sin sin .
The rectangular lattice array with axes parallel to array edges, the incipient grating lobes in the array plane given by Equation (2), determines the optimum lattice spacing is given by [3] ,
Analysis of Grating Lobes
The grating lobe constraint restricts array element spacing and is a result of the array periodicity. The periodicity imposes constraints on element spacing in order to avoid the formation of unwanted radiation peaks called grating lobes. First grating lobe is parallel to the array when the beam is scanned to an angle θ ′ off bore sight and the length of the array (L = Nd, N = number of elements and d = inter element spacing). The position of the first outside (array from bore sight) null for an array beam steered to θ and is given as [3] ,
As θ ′ = 60˚, the separation d can be large as 0.536λ before the grating lobe peak emerges from the plane of the array as defined by Equation (3). For element (k, l), the phase of element relative to (1, 1) element, kl ψ is given as,
where k 0 = 2π/λ 0 and the planar array radiation is given by Equation (5), ( )
1 sin cos 1 sin sin
S θ ϕ is array element radiation pattern and the grating lobes occur [4] when
m is integer number. This condition can only be met if to start with ,
Subject to the condition that, these lobes fall within the unit circle of 2 2 1 u v + < . In u-v space, the area with circle of radius "one" corresponding to real angles θ and φ (−90˚ < θ < 90˚, 0˚ < φ < 360˚) and is called visible space as in Equation (6) This often yields unsatisfactory results since grating lobes changes the element performance from the isolated response. The array designer must balance avoiding undesired mutual coupling effects with eliminating grating lobes due to the element spacing at the high end of the frequency band [4] [5] . This limits the array bandwidth when designing with traditional elements.
Elements that are typically used in wideband arrays also tend to be deep and not amenable to conformal applications. These limitations have prevented array designers from providing array systems that are wideband, planar, and free from grating lobes over a large scan volume. The spacing of the array's elements should be chosen such that grating lobes do not occur when the main beam is steered within the boundaries of the specified field of view [5] [6] . In addition, it is desirable to space the elements as far apart as possible, in the context of the grating lobe constraint, in order to minimize array cost and complexity, since larger separation permit a given aperture to be filled using fewer elements [7] .
Optimization of Element Count in Planar Arrays
Artificial Neural Network is used for this problem in optimizing the element count taking in to account the grating lobe level for a given array area and variation of bore sight elevation from 10˚ to 40˚ with a step of 2˚.
The ability of these networks to generalize relationships between inputs and outputs is a key to their effectiveness [8] . The accuracy of a properly trained network depends on the accuracy of the data used to train the network. Therefore care must be taken while generating training data, whether the data is generated by simulation or experimentally [9] . The data patterns generated are well trained and confined in retrieving the actual and 
Results and Discussion
Grating lobe patterns are generated for the case of rectangular lattice planar array antenna structure with element spacing of d x = 0.29λ, d y = 0.5λ as shown in Figure 4 .
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Hiddern layer Output layer It is observed that with the position change of the grid points in the lattice, the fine tuning of the grating lobes are controlled. Simulations are carried using MATLAB software.
Array element patterns (EP) with normalized (dB) and general values (dB) are also generated for triangular lattice structure and are as shown in Figure 10, Figure 11 . Further, the performance of the grating lobes is extended with optimization of element count using ANN. The optimized element count for triangular array element pattern provides element savings of 13%, 13.2% and 25.03% for 10˚, 14˚ and 26˚ bore sight elevations respectively, relative to the optimum rectangular lattice.
The data patterns are well trained and tested further in determining the predicted element count. Table 1 shows the actual and predicted element count values for the inputs selected for the rectangular lattice structure. The network performs high success rate. Table 2 shows the actual and predicted element count values for the inputs selected for the triangular lattice structure. The network performs high success rate. 
Conclusion
An approach of grating lobe suppression with the array element count optimization using neural network is obtained. Analysis on the grating lobe and conditions applied for suppression is explained and performed with maximum scan angle. With change in the bore sight elevation value in rectangular and triangular structures, the grating lobes are observed for different inter element spacing using MATLAB simulation. The element count decreases with the increase in bore sight elevation. Comparison of both lattice structures gives the proper optimization of element count with the variation in different values of elevation. As observed, the optimum element savings of about 25.03% for 26˚ elevations is achieved for triangular array when compared with optimum rectangular array. Element count optimization for grating lobe suppression is obtained using radial basis function ANN. The network shows a high success rate for element count for RL and TL structures.
